Summary
The immunological responsiveness as measured in the mixed lymphocyte culture test has been studied in 13 pairs of HL-A identical unrelated individuals. In all combinations stimulation occurred and it was frequently of a similar magnitude to that observed against non-HL-A identical subjects.
It is postulated that another locus, adjacent to the HL-A locus, is also responsible for the non-stimulation observed between HL-A identical siblings, and that observations made in the related situation should not be transposed to the unrelated situation without some reservation.
Introduction
The pre-eminence of the HL-A system in histocompatibility is now widely accepted and its importance is based on the results of studies carried out in families. It has been shown that cells from HL-A identical siblings do not react in mixed lymphocyte culture (Amos and Bach, 1968; Bach, 1970) and that renal allografts exchanged between HL-A identical siblings are almost invariably successful (Hors et al., 1970) . On the basis of these observations the HL-A system has been adopted as the system on which selection of donors for cadaveric renal transplantation programmes is based. However, very little is known about histoidentity as defined by the HL-A system in the unrelated situation (van Rood and Eijsvoogel, 1970) and this work was undertaken in order to study this aspect, using the mixed lymphocyte culture test to measure true immunological identity between unrelated subjects.
Subjects and Methods
Lymphocytes from normal healthy staff members and from prospective renal allograft recipients were typed for their HL-A antigens by the lymphocyte cytotoxicity test. Computer analyses of the frequencies and associations of the antigens as determined in this laboratory have been carried out (Sharp et al., 1970 (Sharp et al., , 1971 . Subjects in whom all four HL-A antigens could be unequivocally identified and whose phenotypes occurred more than once were selected for study in the mixed lymphocyte culture test. The HL-A phenotypes of the 17 subjects in the study are listed in Table I. PREPARATION OF CELLS Cells for the mixed lymphocyte culture test were prepared from 100 ml of freshly drawn heparinized blood (20 IU heparin per ml whole blood). Twenty millilitres of blood was removed to narrow conical tubes and allowed to sediment at 37°C for one hour. The supernatants were then removed, centrifuged at 150 g for 10 minutes, and the cell buttons retained. The remaining blood was centrifuged over a mixture of Ficoll (7% w/v) and Hypaque (diatrizoic acid) (1000 w/v), density 1-078, at 1,000 g for 20 minutes. The leucocyte bands were removed, washed once with Hanks's balanced salts solution (150 g for 10 minutes), and then divided into two parts. For the preparation of stimulating cells, mitomycin C (Kyowa) (30 pcg/ml) was added to the suspension, which was incubated at 37°C for 20 minutes. The cells were then washed twice with Hanks's solution and finally suspended for counting in tissue culture medium. For the responding cells the leucocytes from the Ficoll-Hypaque and the sedimentation separations were pooled, washed twice with Hanks's solution, and finally resuspended in tissue culture medium. After counting, the concentrations of both cell suspensions were adjusted to 1-5 x 106 lymphocytes per ml.
This separation procedure usually gave a yield of 80-100 x 106 lymphocytes from 100 ml of blood. Preparations of stimulating cells contained less than 500' polymorphs while the preparation of responding cells contained 20-30% polymorphs.
Both preparations were essentially free of platelets.
BRITISH MEDICAL JOURNAL 4 DECEMBER 1971 Results HL-A phenotypes of the 17 subjects in the study are listed in Table I . Subject 5 had no HL-A identical partner and was included only as a stimulating cell. Subject 6 was an HL-A identical sibling to Subject 1 and was included only as a stimulating cell. Subjects 8 and 13 were included only as stimulating cells because of low lymphocyte yields. For the same reason the five HL-A identical subjects (Nos. 9, 10, 11, 12, and 13) could not be tested in all combinations.
In Fig. 1 the results of four experiments are expressed diagrammatically. Every subject has responded to his HL-A On the sixth day 0-2 ,uCi of tritiated thymidine (specific activity 26 Ci/mole, Amersham) was added to each culture. After 18 hours the cultures were chilled to 0°C and harvested on to glass fibre filter pads (Whatman GF/C). Material remaining in the culture tube was washed on to the pad with 40 ml of ice-cold saline and acid-insoluble material precipitated on the filter with 20 ml of ice-cold 500 trichloroacetic acid.
The filter pads were finally washed with 20 ml of methanol, placed precipitate side up in scintillation phials, and dried at 90°C for 48 hours, after which 10 ml of scintillation fluid was added. The samples were counted in a Packard scintillation counter.
ANALYSIS
The viability of responding cells and the non-responsiveness of stimulating cells were checked by incubating each type alone with phytohaemagglutinin (Wellcome) (0-02 ml per culture).
Results are expressed as the transformation index-that is, the ratio of the radioactive thymidine incorporation in the mixed culture to the radioactive thymidine incorporation in the negative control culture consisting of the subject's responding and stimulating cells. The The transformation indices between all the combinations of HL-A identical subjects tested are shown in Table II the mean transformation index of the HL-A identical pairs (11 9 ± 8 6) and the non-HL-A identical pairs (10-1 ± 3 8), though the scatter in the HL-A identical group is much greater. individuals, all of whom carried the antigens HL-A1, 3, 7, and 8, and found three of these to be reciprocally non-stimulatory. These three pairs were the only ones in the overall series of 26 HL-A identical unrelated pairs of individuals which did not stimulate. In their series of four HL-A identical unrelated individuals, all carrying the antigens HL-A1, 2, 8, and 12, Bach et al. (1971) found one pair to be reciprocally non-stimulatory but found all the other 10 combinations of HL-A identical pairs to be stimulatory to the same extent as against non-identical individuals.
Discussion
The ability of unrelated individuals identical for the first and second segregant series of HL-A to stimulate in the mixed lymphocyte culture test has, therefore, now been established. It also seems that in such combinations stimulation is more likely to occur than non-stimulation, and that the levels of 583 transformation achieved are comparable with those achieved by non-HL-A identical pairs.
Some valid explanation must be found for this apparent discrepancy between the related and unrelated situation in which the pairs are identical for all four HL-A antigens. Heterogeneity of the HL-A antigens has been emphasized (Thorsby et al., 1971a) , and this must be considered as a possible explanation. However, most of the individuals in this series carry the extremely well-defined antigens HL-A1, 2, 3, 7, 8, and 12, none of which (with perhaps the exception of HL-A12) have shown any indication of heterogeneity (Fourth International Histocompatibility Workshop, 1970) . Splitting of antigens much less well defined than these is an accepted development of our increasing knowledge of the HL-A system (Thorsby et al., 1971b) , but if even well-defined antigens are found to be heterogeneous, our concepts of "HL-A identity" must be widened to encompass a system which is incredibly complex. If only the minority of HL-A identical unrelated pairs stimulated it could be accepted that the antigens were, in these cases, heterogeneous. However, stimulation seems to be the rule, and only occasional pairs fail to stimulate.
In the absence of extensive family studies it is not possible to say that two unrelated individuals are genotypically as well as phenotypically identical. However, some haplotypes are extremely common in the Caucasian population-HL-A1 and HL-A8, HL-A2 and HL-A12, HL-A3 and HL-A7 (Sharp et al., 1970; Fourth International Histocompatibility Workshop, 1970 )-and we have recently observed strong positive associations between the antigens HL-Al and Te57(W17), HL-A3 and MaKi(W14) (Sharp et al., 1971) . Since most of the individuals in our study possessed only antigens which have been shown to be positively associated, we feel that at least some of the pairs are likely to have been genotypically identical. It has already been shown that some pairs genotypically identical for the four HL-A antigens are stimulatory (Kissmeyer-Nielsen et al., 1970) .
Previous exposure of the subjects to non-HL-A antigens and subsequent sensitization also seems unlikely as a cause for stimulation as more than half of our subjects have never been exposed to foreign tissue antigens either by blood transfusion or by pregnancy.
We feel then that these results can only be satisfactorily explained if there is another factor in addition to the antigens of the first and second series of the HL-A locus operative in the mixed lymphocyte culture reaction and presumably in organ transplantation. This factor, however, must be situated very close to the HL-A locus as the HL-A identical sibling data indicate that crossing over between the HL-A locus and the "mixed lymphocyte culture locus" does not occur to any significant extent.
It is likely that the observations from the mixed lymphocyte culture test can be extended to organ transplantation. That there is minimal rejection of kidneys transplanted between HL-A identical siblings is well established, but few transplants have been carried out with HL-A identical unrelated donors.
In the period from September 1967 to July 1971 356 grafts were carried out in Sydney with kidneys from cadaver donors. In four of these operations donor and recipient were shown to be HL-A identical. Three pairs carried the antigens HL-A1, 2, 8, and 12 while the fourth carried the antigens HL-A1, 10, Te57(W17), and S Ly3. Two of these patients maintained excellent function at 21 and 12 months respectively after operation. In the third patient, for whom this was a second graft, rejection was controlled with difficulty for seven months after which it became uncontrollable and the graft was removed. The fourth patient (HL-A1, 10, Te57(W17), and S Ly3), at only three months postoperation, has suffered two acute rejection episodes, at two and five weeks, both of which were controlled with increased immunosuppression. In only the last case was the mixed lymphocyte culture test carried out, and low-grade but definite stimulation was observed (transformation index 4 5).
The results observed in mixed lymphocyte culture tests and -kidney transplantation between HL-A identical unrelated individuals and the difficulty of establishing a statistically significant correlation between HL-A matching grade and clinical outcome of the graft (Stewart et al., 1970) indicate that the observations in siblings cannot be directly transposed to the unrelated situation. If the HL-A locus, as currently defined by two segregant series, is not solely responsible for mixed lymphocyte culture reactivity the additional factors responsible for this reactivity may also contribute to histocompatibility and be relevant to transplantation. Elucidation of these factors could help us to define histoidentity more precisely and then the results of transplantation with unrelated cadaveric donors may more closely approach the excellent results of HL-A identical sibling transplants.
Introduction
A large body of opinion holds that human tumours, like experimental animal tumours, possess tumour-specific antigens (tumour neoantigens) (Fairley, 1969 (Fairley, , 1970 Mathe, 1969 Mathe, , 1970 Alexander, 1970; Klein, 1970; Woodruff, 1970) . Yet only in a minority of cancer patients have antibody responses to tumour neoantigens been detected (Graham and Graham, 1955; Wilson et al., 1963; Southam, 1965; Dore et al., 1967; Lewis, 1967; Lewis et al., 1969) . In a previous communication from this department, Hodkinson and Taylor (1969) reported the detection of tumourspecific antibodies in the sera of only 2 out of 34 cases of human carcinoma. One reason suggested for the low frequency of tumour antibody detection was the possibility that while the tumour is in situ a slow constant release of tumour antigen combines with any antibody produced so that the latter is not detectable in the serum. The work reported here is an investigation of this possibility, and the findings suggest that reaction in vivo between tumour neoantigens and tumour antibodies could be a reason for the low frequency of antibody detection.
Materials and Methods
Tumour and corresponding normal tissues from the same individual were obtained from surgical specimens within half an hour of excision. Venous blood samples were obtained from each patient providing the tissues as follows: sample 1, obtained preoperatively on the day of operation or on the previous day; sample 2, obtained three to six days postoperatively; sample 3, obtained 10 to 13 days postoperatively; and sample 4, obtained when the patient attended the follow-up clinic, two to four months postoperatively. Four cellular fractions (nuclear, mitochondrial, microsomal, and supernatant) of both normal and carcinomatous tissue were tested by immunofluorescence, complement fixation, passive haemagglutination, and precipitation techniques against autologous sera in attempts to detect tumour-specific antibodies. The preparation of cellular fractions from tumour and normal tissue specimens, the preparation of serum, and the serological techniques used have been fully described elsewhere (Hodkinson and Taylor, 1969; Taylor and Odili, 1970) . Tissue specimens, sera, and tissue fractions were stored at -25°C until required. Tissues and sera from 36 patients were studied.
Results
Tumour-specific antibody responses were detected in 5 (140o) of the 36 cancer patients studied (Table 1 ). In four of the five positive cases the autologous sera reacted against the nuclear 
